Acromegaly due to ectopic GHRH secretion from a neuroendocrine tumor (NET) is rare and comprises !1% of all acromegaly cases. Herein we present a 57-year-old woman with clinical and biochemical features of acromegaly and a 6 cm pancreatic NET (pNET), secreting GHRH and calcitonin. Following surgical resection of the pancreatic tumor, IGF1, GH and calcitonin normalized, and the clinical features of acromegaly improved. In vitro studies confirmed that the tumor secreted large amounts of both GHRH and calcitonin, and incubation of pNET culture-derived conditioned media stimulated GH release from a cultured human pituitary adenoma. This is a unique case of pNET secreting both GHRH and calcitonin. The ability of the pNET-derived medium to stimulate in vitro GH release from a human pituitary-cell culture, combined with the clinical and hormonal remission following tumor resection, confirmed the ectopic source of acromegaly in this patient.
Background
Acromegaly due to ectopic growth hormone (GH) releasing hormone (GHRH) secretion from a neuroendocrine tumor (NET) is rare, and up to 100 cases have been reported in the literature (1, 2, 3) . Half of the tumors were lung carcinoids and most others were pancreatic neuroendocrine tumors (pNET) (1, 2, 3) . We hereby report a unique case of acromegaly due to pNET co-secreting GHRH and calcitonin with an extensive in vitro evaluation confirming the ability of the tumor to stimulate GH release from human pituitary cells in culture.
Case presentation
A 57-year-old woman was referred for assessment of a pancreatic mass. Her medical history included type 2 diabetes mellitus, hypertension, hyperlipidemia, hypothyroidism, hysterectomy and oophorectomy. Two months prior to the endocrine evaluation, she developed sub-acute endocarditis after sclerotherapy for varicose veins, had aortic valve insufficiency and underwent aortic valve replacement.
After surgery, a chest and an abdominal computed tomography (CT) scan was performed due to persistent fever that demonstrated a 6 cm mass in the pancreatic head blocking the main pancreatic duct (Fig. 1A) , with an additional 2.2 cm incidental mass in the left adrenal, compatible with adrenal adenoma (Fig. 2A) . The findings were confirmed by an abdominal MRI.
The patient had acromegalic features with multiple skin tags, coarse facial features and soft tissue swelling of hands and feet. Serum insulin-like growth factor 1 (IGF1) was elevated, 116.1 nmol/l (normal: 12.2-29.8 nmol/l). The diagnosis of acromegaly was confirmed by a 75 g glucose tolerance test (OGTT) with a nadir growth hormone (GH) level of 13.5 ng/ml. Other pituitary hormones were normal. Adrenal hormones and chromogranin A were all within the normal range, whereas calcitonin, measured as part of a pancreatic tumor workup, was markedly elevated -978 pg/ml (normal !5 pg/ml) ( Table 1 ). An ultrasound-guided fine needle aspiration of the pancreatic mass revealed uniform cells with centrally located round oval nuclei, eosinophilic cytoplasm and no mitoses. Immunohistochemical staining was positive for pankeratin, chromogranin A and synaptophysin. KI-67 index was 5%. Ga-68 DOTATATE PET scan depicted strong Ga-68 uptake in the pancreatic mass (Fig. 1B) and physiological uptake in the pituitary gland. No uptake was seen in the left adrenal.
The MRI of the sella turcica showed an enlarged pituitary, 11!14 mm, with a suprasellar extension but without any visible adenoma (Fig. 2B) . The plasma GH releasing hormone (GHRH) level was markedly elevated 1273 ng/l (normal !60 ng/l) ( Table 1 ) consistent with ectopic acromegaly.
Investigation
Hormonal evaluation of pancreatic neuroendocrine tumor (pNET) and pNETs' effect on pituitary culture Methods Hormonal tests Serum and tumor medium GHRH concentrations were measured using an in-house double-antibody RIA (4).
Serum and tumor medium calcitonin levels were determined using a solid phase, enzyme-labeled, two-site chemiluminescent immunoenzymatic assay (Immulite 2000 Calcitonin, Siemens Medical Solutions Diagnostic Ltd., Lanberis, Gwynedd, UK).
Human GH concentrations in the pituitary cell culture were measured by RIA (hGH-IRMA kit; DIA source ImmunoAssays, Louvain-la-Neuve, Belgium).
pNET medium and pituitary tissue preparation A fresh tissue sample of the pNET was obtained during surgery and was cultured. Pituitary tissue culture was derived from a pituitary tumor sample obtained from a man with GH-secreting adenoma who underwent curative transsphenoidal surgical resection. These procedures were approved by local IRB, and both patients gave informed consent. Both pNET and pituitary-resected specimens were prepared, as described previously (5) . After 48 h, the pNET medium was collected and stored at K20 8C for further evaluation. The pituitary cell culture was incubated with the pNET-conditioned medium, or with control medium (low glucose DMEM; five wells each), for 4 h and then the medium was collected for GH measurement. T
Results As shown in Table 1 , when the pNET was incubated with a medium, markedly high levels of GHRH and calcitonin were found to be secreted from the tumor. Furthermore, when the pNET-derived medium was incubated with human pituitary cell culture, it led to a 36% increase in the secretion of GH from the pituitary cells, confirming the functional bioactivity of the pNETderived GHRH.
Treatment
The patient underwent radical pancreatectomyduodenectomy.
Outcome and follow-up
Histological examination revealed a partially encapsulated NET of 6.0 cm confined to the pancreatic head (Fig. 1C) . Immunohistochemical staining was positive for calcitonin ( Fig. 1D) , pankeratin, chromogranin A, synaptophysin, CD-56 and Ki-67 of 3%. Dissection margins were free of tumor, and peripancreatic lymph nodes were normal. These findings were compatible with pNET, Grade 2.
In total, 3 months after surgery, there was an improvement in the clinical features of acromegaly, and the IGF1 level was 30.4 nmol/l (normal: 12.2-29.8 nmol/l). Calcitonin level was undetectable now. Repeated Ga-68 DOTATATE PET did not demonstrate any pathological Ga-68 uptake.
Discussion
Acromegaly secondary to ectopic GHRH secretion is rare. Signs and symptoms of ectopic acromegaly are similar to pituitary-dependent acromegaly. Diagnosis is usually delayed and is based on elevated GH and IGF1 levels in the presence of a normal or diffusely enlarged pituitary and an extra-pituitary NET. Acromegaly remission may be achieved by the extra-pituitary tumor resection.
We describe a case of ectopic GHRH secretion caused by pNET in which in addition to detection of GHRH in the blood and in the tumor-derived medium, we could confirm for the first time the functional bioactivity of GHRH secreted from the pNET by its effect of releasing GH from cultured human pituitary tumor cells, known to express the GHRH receptor. A previous two studies have shown similar results in acromegalic patients with foregut carcinoid tumor (6) and bronchial carcinoid tumor (7); however, in both cases, the effect was studied in rat pituitary cells.
Another unique feature of the presented case was that the tumor also expressed and secreted calcitonin (Fig. 1D) . Calcitonin is typically secreted by thyroid C-cells and is considered a tumor marker for medullary thyroid carcinoma. Functional pNETs ectopically secreting calcitonin were rarely reported in the literature (8, 9) . However, most recently ten cases of pNET-secreting calcitonin were reported (10) . To the best of our knowledge, only one case of pNET secreting both GHRH and calcitonin has been described previously (11) .
Distinction between pituitary GH adenoma and ectopic GHRH secretion is important, as pituitary hyperplasia secondary to GHRH over-secretion may be misdiagnosed as a pituitary tumor, leading to unnecessary pituitary surgery. However, an experienced radiologist should distinguish between a diffuse, symmetrical pituitary enlargement secondary to hyperplasia vs an adenoma, usually a macroadenoma. The finding of increased serum GHRH levels in acromegaly caused by an ectopic tumor compared with the suppressed and undetectable GHRH levels in cases of GH-secreting pituitary adenomas may be helpful when ectopic GHRH secretion is suspected. Yet, GHRH measurement is not widely available; thus, distinction of other than pituitary adenoma causes of acromegaly is primarily based on radiological findings. Functional assay confirming the bioactivity of GHRH secreted from the ectopic source by its in vitro effect of releasing GH from human pituitary cells could be of substantial assistance in establishing the correct diagnosis. 
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